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INTRODUCTION
Many thyroid nodules are incidentally detected in daily clinical practice, and they are present in nearly 50% of adults, increasing in prevalence with age; 1 however, less than 5% of those nodules are malignant. 2 Cystic thyroid nodules represent 15-53.8% of all surgically excised thyroid nodules, [3] [4] [5] [6] [7] including true or simple thyroid cysts, with an epithelial lining, and mixed nodules with a predominantly fluid component. 2, 6 Among them, cystic thyroid nodules which are thyroid nodules characterized by the presence of both solid and cystic components and are referred to as "mixed echoic thyroid nodules", 8 have been regarded as benign lesions that can be managed conservatively in the past. 9, 10 However, the percentage of malig-cords. However, informed consent for US-FNAB was obtained from all patients before conducting the procedure. From March 2006 to February 2007, 953 thyroid nodules in 868 consecutive patients underwent US-FNAB at our institution (a referral center) in Seoul, Korea. Among them, 580 nodules were excluded because they were either pure solid (n=576) or cystic nodules (n=4). Patients who met the following criteria upon review of their medical records, including cytologic and histopathologic results, were included in this study: 1) underwent thyroid surgery, 2) at least two benign cytologic results, and 3) benign results on initial cytologic results with no interval change or decrease in size at follow-up US after at least 12 months. Forty nodules were excluded owing to increase in size on follow-up US without further cytopathologic evaluation after demonstrating benign results on initial cytology. Seventeen nodules were also excluded because of lack of subsequent surgery after either papillary thyroid carcinoma (PTC) (n=2), suspicion of PTC (n=1), and indeterminate (n=1) or lack of subsequent surgery or follow-up FNAB after demonstrating inadequate results (n=13) on initial cytology. In total, this study included 316 mixed echoic nodules in 303 patients (Fig. 1) . The mean age of the patients as a whole was 49.1 years (range, 16-80 years); the mean age of the male patients was 51.6 years (range, 21-72 years), and the mean age of the female patients was 49 years (range, 16-80 years). The mean size of the thyroid nodules was 20 mm (range, 4-76 mm).
nancy among these mixed echoic nodules has been reported from 2% to 18%, 2, 4, [6] [7] [8] 11 however, these nodules often show non-diagnostic or inadequate cytologic result due to scant or no follicular cells, owing to the cystic portion, 2, 12 which is a challenge in managing these nodules with fine needle aspiration biopsy (FNAB). 13 Repeated FNAB or surgery is advised for nodules that increase in size during follow-up. [14] [15] [16] [17] [18] However, these mixed echoic nodules can increase in size upon follow-up ultrasound (US) by cystic degeneration, 3, 4 or sometimes they are decreased in size and demonstrate newly suspicious US features after FNAB by reduction of cystic portion. 19 Until now, the management of mixed echoic thyroid nodules has not been firmly established, nor has a concrete study thereon been reported, to the best of our knowledge. The aim of this study was to evaluate the risk of malignancy, according to initial US features, US changes, or changes in size on follow-up US, in mixed echoic nodules and to suggest guidelines for managing these nodules.
MATERIALS AND METHODS Study population
Our institutional review board approved this retrospective observational study, and required neither patient approval, nor informed consent for review of patient images and re- ule. Also, we defined newly developed suspicious US features as a transition from being probably benign on initial US to suspiciously malignant on follow-up US after FNAB.
Cytologic evaluation
FNAB was performed by a single radiologist after US evaluations of thyroid glands for either thyroid nodules with suspicious US features or the largest nodule present if no suspicious malignant US features were detected. FNAB was conducted with the patient in the supine position with the neck extended using a 23-gauge needle (Korea Vaccine, Seoul, Korea) attached to a 20 mL disposable plastic syringe (Kovax-Syringe, Korea Vaccine) and an aspirator under US guidance with a free hand technique. Each lesion was aspirated at least twice. All cystic fluid was aspirated as much as possible from the cystic portion of the nodules and then FNAB was performed on the solid portion of the nodules. If complete aspiration was not possible in the thick cystic contents of thyroid nodules, FNAB was directly conducted on the solid portion of the mixed echoic nodules. Materials obtained from FNAB were smeared on glass slides, which were immediately placed in 95% alcohol for Papanicolau staining, and the remaining material in the syringe was rinsed in saline for processing as a cell block. A cytologist was not on site during the biopsy. Cytology samples were sent to the pathology department and the results were reported by 1 of 5 cytopathologists in an official report form. Additional special staining was performed on a case-by-case basis following the discretion of the cytopathologist. Cytological results were classified as into one of the following two categories: "adequate" or "inadequate" for interpretation. A specimen was considered as "adequate" if there was a minimum of six groupings of well-preserved thyroid cells consisting of at least ten cells per group. 23 The "adequate" group was divided into four subgroups: "benign", "indeterminate", "suspicious for PTC", and "PTC". "Benign" cytology included colloid nodules, nodular hyperplasia, lymphocytic thyroiditis, Graves' disease, and postpartum thyroiditis. "Indeterminate" cytology included follicular and Hürthle cell neoplasm. "Suspicious for PTC" cytologic results were defined when the specimen exhibited cytological atypia, but showed insufficient cellularity for definite diagnosis of PTC. Cytologic results were designated as "PTC" when specimen revealed abundant cells with definite cytological features of malignancy.
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Reference standards Malignant nodules were confirmed by surgery or FNAB, Imaging and image analysis US was performed with an 8-to 15-MHz linear array transducer (Acuson Sequoia; Siemens Medical Solutions, Mountain View, CA, USA), a 7-to 15-MHz linear array transducer (HDI 5000; Philips Medical Systems, Bothell, WA, USA), or a 5-to 12-MHz linear array transducer (iU22; Philips Medical Systems). Compound imaging was obtained in all images with HDI 5000 or iU22 machines. Real-time US imaging was performed by one of three radiologists with 11, 9, and 7 years of experiences in thyroid imaging who were aware of the patients' clinical background. US images were independently reviewed by each of two radiologists dedicated to thyroid imaging (K.J.Y. and S.Y.M. with 9 and 3 years of experience). Each thyroid nodule was described according to US features as devised in a previous report. 20 We defined the cystic nodules, as designated in previous studies, [2] [3] [4] [5] [6] 13, 21, 22 as mixed echoic nodules comprising solid and cystic components. 8 These mixed echoic nodules were evaluated based on their internal solid components. Echogenicity of the solid portion was categorized as hyperechoic (for nodules showing hyperechogenicity compared to the normal thyroid), isoechoic (for nodules showing isoechogenicity compared to the normal thyroid), hypoechoic (for nodules showing hypoechogenicity compared to the normal thyroid), or markedly hypoechoic (for nodules showing hypoechogenicity compared to the adjacent strap muscle). Margins of the nodules were classified as either well-circumscribed, microlobulated, or irregular. The degree of calcification was categorized as microcalcification (punctate echogenic foci of 1 mm or less), macrocalcification (punctate echogenic foci larger than 1 mm in size or eggshell calcification), mixed calcification (microcalcification combined with eggshell or macrocalcification) or negative (no calcification). Nodule shape was categorized as wider than tall or taller than wide. US groupings of thyroid nodules were classified as probably benign or suspiciously malignant in these nodules, using the sonographic criteria suggested by Kim, et al. 20 Malignant sonographic characteristics were defined as microcalcification, irregular or microlobulated margins, markedly hypoechogenicity, and taller than wide shape. A suspiciously malignant nodule was defined as a nodule showing one or more of the suspicious findings presented above. If a nodule showed no suspicious features, it was classified as probably benign. We evaluated the changes in size and shape of the thyroid nodules on follow-up US in this study. We categorized nodules as being increased in size when its maximum diameter increased by more than 3 mm, 21 irrespective of the initial size of the nod-or patient request (n=71), growth at follow-up US (n=26), suspicious US features (n=25) and newly developed suspicious features with decreased size at follow-up US (n=5 Among thyroid nodules with initially benign cytology (n=298), the malignancy rate of thyroid nodules assessed as having suspicious US features was 7.7% (1/13) while those with no suspicious US features was 1.1% (3/285) (p=0.164). Of thyroid nodules (n=275) with initial benign cytology that underwent follow-up US or FNAB, there were 26 nodules of increased size with a mean size of 5.8 mm (from range of 8-76 mm to the range of 12-81 mm), 156 nodules with no change in size and 93 nodules with decreased size. There were no thyroid nodules observed with suspicious change and growth. Of these nodules (n=275) with initial benign cytology that underwent follow-up US or FNAB, 265 thyroid nodules had no suspicious US features, while 10 had suspicious US features. Among the 265 thyroid nodules with no suspicious US features and benign results on initial cytology, there were 15 nodules with suspicious US change and decreased size (Fig. 2) , 25 with no suspicious US change and increased size (Fig. 3) and 225 with no suspicious US change as well as no change or decrease in size on followup US. The likelihood of a nodule being benign based on standard reference was 100% (15 of 15) in the group of nodules with suspicious US change and decreased size, 100% (25 of 25) in the group with no change in shape and increased size, and 99.6% in the group with no change in shape and size or decreased size (224 of 225), respectively. Therefore, the risk of malignancy was 0%, 0% and 0.4%, respectively, showing no statistical difference among the three groups (p=1.000).
Of six thyroid nodules with inadequate cytology (two confirmed by surgery and four by repeat FNAB), there was no while benign nodules were confirmed as benign if they were classified as benign at both initial and follow-up FNAB, upon surgery, or if the nodules either decreased or showed no interval change at follow-up US at least 12 months (mean, 30.7 months; range, 12-58 months) after being classified as benign on FNAB.
Statistical analysis
We used a χ 2 -test to determine differences between malignant and benign nodules according to categorical variables. We also evaluated the differences between malignant and benign nodules with continuous variables using an independent two sample t-test. Statistical significance was assumed when the p-value was less than 0.05. All reported p-values were twosided. Statistical analyses were performed by using SAS software version 9.1 (SAS Institute Inc., Cary, NC, USA).
RESULTS

Final cytopathologic results
Of the 316 thyroid nodules, 14 (4.4%) were malignant and 302 (95.6%) were benign. The mean size of the malignant nodules were 19.1±13.7 mm, showing no significant differences to the benign nodules (20.0±12.2 mm) (p=0.773). The mean age (49.6±11.7 years) of the patients with benign nodules was significantly older than that (40.5±12.5 years, p=0.006) of the patients with malignant nodules. There were no significant differences between benign and malignant nodules according to gender (p=0.337).
Among total 316 nodules, there were 298 benign results: 8 suspicious for PTC, 4 PTC and 6 inadequate results according to follow-up US or cytopathologic confirmation. Thirty-seven nodules (11.7%) underwent surgery without undergoing follow-up FNAB or US, for the following reasons: cytologic results suspicious for PTC (n=8) and PTC (n=4), large size nodules with inadequate (n=2) or benign (n=14) cytology, and upon patient request (n=9). Among those who underwent surgery, 13 were malignant and the remaining 24 were benign.
The remaining 279 nodules underwent follow-up FNAB or follow-up US after more than 12 months. The mean size of the initial thyroid nodules was 19.7±11.7 mm (range, 4-76 mm) and the mean size of the nodules after follow-up US or FNAB was 16.9±11.5 mm (range, 2-81 mm) (p<0.001) in these 279 nodules. Follow-up FNAB was performed in 127 nodules. The grounds for follow-up FNAB were: clinician ular or microlobulated margins, 17, 20, 30, [34] [35] [36] [37] [38] hypoechogenicity, 17, 20, 29, 30, 34, 37, 38 marked hypoechogenicity, 20, 29 taller than wide shape, 17, 20, 39 microcalcification, 17, 20, 30, [36] [37] [38] [40] [41] [42] solid composition 17, [36] [37] [38] 43 and intratumoral vascularity. 17, 30, 34, 43 US findings are also important for the discrimination of mixed echoic thyroid nodules. The eccentric location of a solid mural nodule, 8, 17, 25, 44 eccentric configuration with an acute angle of the solid portion, 25 its vascularity of the solid portion, 40 and the presence of microcalcification 8, 25, 44 have been reported as suspicious US features in mixed echoic nodules suggestive of PTC.
We intended to evaluate the risk of malignancy according to US features and US change or size change on follow-up US in the mixed echoic nodules. The rate of malignancy was 31.6% for thyroid nodules with suspicious US features, significantly higher in comparison to 2.7% nodules with no suspicious US features in this study. These results indicate the importance of US features in differentiating benign from mamalignancy. Five of them showed no suspicious US features, and one had suspicious US features. Four nodules showed no suspicious US change with decreased size (n=2) and no change in size (n=2). The remaining two nodules underwent surgery without follow-up.
DISCUSSION
Mixed echoic nodules represent 15-53.8% of all surgical excised thyroid nodules. [3] [4] [5] [6] [7] They have been regarded as benign nodules with a rare risk of malignancy and can be managed conservatively.
9,10 However, the incidence of malignancy in these mixed echoic nodules are reported as 2% to 18%. 2, 4, [6] [7] [8] 11, 25 Accordingly, the concrete assessment of the management of these nodules is necessary. Discriminating between benign and malignant thyroid nodules, many reports 17,20,26-33 described suspicious US features such as irreg- nodule was, the lower the likelihood of cancer with statistical significance. Lower malignancy rate was also reported in thyroid nodules of inadequate cytology without suspicious US features, compared with those with suspicious US features, especially, in cystic nodules. 46 Of the six thyroid nodules with inadequate cytology in this study, five of them showed no suspicious US features, and one had suspicious US features, and there was no malignant lesion, consistent with other report. 46 There are several limitations to our study. First, there was relatively small number of patients with mixed echoic nodules among the total study population and only a small number of nodules (n=37, 11.7%) was underwent surgery. Also, the remaining thyroid nodules which were included in this study were underwent follow-up US at least 12 months or FNAB without surgery as a reference standard. A somewhat short follow-up period of 12 months was also another limitation, and the possibility of false negative and false positive results exists. Second, this study was a retrospective one, thus color Doppler images of the sold portion of mixed echoic nodules were not evaluated. Also, this study contemplated the entire nodule instead of only the solid portion as representative of nodular growth. The revised American Thyroid Association guidelines suggested that repeat FNAB should be based upon growth of the solid component, especially for, mixed echoic nodules; 16 the differentiation of solid and cystic components in mixed echoic nodules is challenging since the solid and cystic components are intermingled. Thus, the measurement of growth of the solid component only is difficult. To resolve this issue, 3D US might be helpful. Lastly, in this study, because there was no combination of thyroid nodules classified as benign on cytology that showed both no changes in size or growth with benign nodules that showed newly developed suspicious changes on follow-up US, the larger study group that can fulfill these combinations will be necessary.
In conclusion, the management of mixed echoic nodules depends on US features. The nodules with no suspicious US features and benign cytology can be followed up using US, as they revealed very low rate of malignancy, even if they showed growth on follow-up US.
lignant among thyroid nodules, and the results herein were consistent with the results of previous studies. 24, 45 Among thyroid nodules with initially benign cytology (n=298), the malignancy rate (7.7%, 1/13) of thyroid nodules with suspicious US features was higher than that (1.1%, 3/285) of thyroid nodules with no suspicious US features even though there was no significant difference (p=0.1641). Therefore, mixed echoic nodules with suspicious features on initial US can be an indication for follow-up FNAB like solid nodules. 24, 45 In this study, we also divided nodules into three groups according to changes in the shape and size of the thyroid nodules, as follow-up FNAB was previously recommended for thyroid nodules with substantial growth on follow-up US, even if thyroid nodules were diagnosed as benign on prior cytology. [16] [17] [18] However, the scientific evidence thereof is not sufficient. Because many benign nodules can grow as mixed echoic nodules do due to cystic degeneration, 3, 4 nodular growth itself might not be a pathognomonic sign of malignancy. In this study, among mixed echoic nodules with initial benign cytology (n=275), 26 (9.4%) thyroid nodules showed growth on follow-up and the rate of malignancy was 0%.
Recent studies reported that mixed echoic nodules can also show suspicious US findings after FNAB by the reduction of cystic contents; however, these were proven as benign on follow-up cytology. Therefore, correlation with past FNAB history can prevent future unnecessary FNAB and follow-up US might be better recommended rather than to follow-up FNAB. 19 In this study, we divided nodules into three groups according to the changes in US features as well as the size of thyroid nodules on follow-up US. The risk of malignancy was 0% in the group with suspicious US change and decreased size, 0% in the group with no change in shape but increased size, and 0.4% in the group with no change in shape and size or no change in shape but decreased size, respectively, without statistical significance. Therefore, in mixed echoic nodules with benign results on cytology and with no suspicious US features, follow-up US may be sufficient in the management of these nodules, even if they showed growth or changes of newly developed suspicious US features after FNAB with decreased size on follow-up US.
Most studies have focused on solid thyroid nodules, but few have reported the follow-up of mixed echoic nodules. 2, 4, 6, 8, 11, 25 Some investigators reported that these mixed echoic thyroid nodules can show non-diagnostic or inadequate cytologic results due to scant or no follicular cells of cystic portion.
2, 12 Frates, et al. 17 suggested the more cystic a
